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ABSTRACT

The increasing use of unmanned aerial vehicles (UAVs) has heightened the demand for counter-unmanned aerial system
(C-UAS) technologies. C-UAS methods are broadly categorized into soft-kill approaches, such as electronic jamming, and
hard-kill approaches, which rely on physical interception. For the latter, rapid engine start-up is essential for achieving high
mobility. However, commercial engines with conservative start-up procedures can take over 70 seconds to start, which is a
significant contrast to the sub-20-second start-up time of rapid-start engines. In addition, since commercial engine control units
(ECUs) restrict users from modifying or optimizing the control logic, developing engine control logic that enables rapid start-up
is necessary for C-UAS weapon systems equipped with micro gas turbine engines. In this study, the start-up characteristics of
a JetCat P300-RX micro gas turbine engine were experimentally analyzed using an Arduino-based control kit. Key parameters
influencing the start-up sequence, including the starter motor cut-out RPM, starting fuel valve opening time, main fuel valve
opening time, ignition-phase fuel pump voltage, and acceleration-phase fuel pump voltage were identified and the effect of each
parameter was quantitatively evaluated by applying a single-variable modification approach. By combining the best-performing
conditions for each parameter, the start-up time was reduced by approximately 41.7%. These results provide a practical
foundation for optimizing engine control logic and developing domestic controllers, ultimately contributing to the improved

performance of rapid-response weapon systems.
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Fig. 3 JetCat P300—RX micro gas turbine engine'™

Table 1 JetCat P300—RX specification”

P300-RX

Length [mm] 365

Diameter [mm] 132
Weight [g] 2,630
Pressure ratio 3.55
Idle RPM 35,000
Max RPM 106,000

Thrust (Idle) [N] 14

Thrust (Max) [N] 300

Fig. 4 Micro gas trurbine engine cutaway!"®
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(a) Flow chart of micro gas turbine engine starting sequence
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(b) Graph of micro gas turbine engine starting sequence

Fig. 6 Micro gas turbine engine starting sequence
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Table 2 Summary of experimental parameters and test cases

Components Parameters

Start motor Cut-out RPM
Start fuel valve Opening time
Main fuel valve Opening time

Voltage after main valve opening

Fuel pump
Slope of acceleration phase equation
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Table 3 Summary of start motor test condition

Cut-out speed [RPM]
Baseline 20,000
Case 1 18,000
Case 2 19,000
Case 3 21.000
Case 4 22,000
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Fig. 8 RPM and EGT behaviors according to the start motor
parameter sets
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Table 4 Start motor test results for different cases

Time to idle speed [sec] Max. EGT [°C]
Baseline 72.0s 772°C
Case 1 73.5s (+1.55%) 769 °C (-0.3 °C)
Case 2 73.5s (+1.55%) 767 °C (-5°C)
Case 3 72558 (+0.55) 767 °C (-5 °C)
Case 4 68.55 (-3.559) 803 °C (+31°C)
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Table 5 Summary of start valve test conditions

Opening Time [sec]
Baseline 12
Case 1 10
Case 2 14
Case 3 16
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Fig. 9 RPM and EGT behaviors according to the opening
time of start valve parameter sets



Table 6 Start valve test results for different cases

Time to idle speed [sec] Max. EGT [°C]

Baseline 72.0s 772°C

Case 1 743s (12.35) 863 °C (+91 °C)

Case 2 72558 (H0.5) 916 °C (+144 °C)

Case 3 67.5s (-4.55) 900 °C (+128 °C)
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Table 7 Summary of main valve test conditions

Opening Time [sec]
Baseline 30
Case 1 20
Case 2 23
Case 3 26
Case 4 28
Case 5 34
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Fig. 10 RPM and EGT behaviors according to the opening
time of main valve parameter sets

Table 8 Main valve test results for different cases

Time to idle speed [sec] Max. EGT [°C]
Baseline 72.0s 772°C
Case 1 62.3s (-9.75s) 769 °C (-3°C)
Case 2 655 (-75) 767 °C (-5°C)
Case 3 67.5s (-4.55) 772°C (-)
Case 4 69.5s (-2.55) 767 °C (-5°C)
Case 5 75.5s (+3.55%) 818 °C (+46 °C)
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Table 9 Summary of fuel pump voltage test conditions for
ignition phase

n2tolg 24 A7

Table 10 Fuel pump voltage test results for different cases
for ignition phase

Normalized values of fuel pump voltage Time to 11,000 RPM [sec] Max. EGT [°C]
Baseline 1 Baseline 41.0s 772°C
Case 1 0.60 Case 1 Ignition failure Ignition failure
Case 2 0.81 Case 2 Ignition failure Ignition failure
Case 3 1.19 Case 3 39.5s (-1.5) 793 °C (+21°C)
Case 4 1.40 Case 4 37.5s (-3.55) 820 °C (+48 °C)
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Fig. 11 RPM and EGT behaviors according to the fuel pump
voltage parameter sets
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Table 11 Summary of fuel pump acceleration slope test

conditions
Normalized values of fuel pump acceleration slope
Baseline 1
Case 1 0.43
Case 2 0.71
Case 3 1.29
Case 4 1.57
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Fig. 12 RPM and EGT behaviors according to the fuel pump

acceleration slope

Table 12 Fuel pump acceleration slope test results for
different cases

Time to idle speed [sec] Max. EGT [°C]
Baseline 72.0s 772°C
Case 1 Ignition failure Ignition failure
Case 2 Ignition failure Ignition failure
Case 3 56.5s (-15.55) 1,023°C T (#251 °C 1)
Case 4 5235 (-19.75) 1,023°C T (#251°C 1)
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Table 13 Summary of final experimental conditions

Components Parameters Baseline | Selected values
Start motor Cut-out RPM 20,000 RPM | 22,000 RPM
Start fuel valve Opening time 12s 16s
Main fuel valve Opening time 30s 20s
Voltage after main
valve opening 1 1.40

(Normalized values)

Fuel pump -
Slope of acceleration

phase equation 1 1.57
(Normalized values)

Table 14 Test results for improved combination

Baseline Improved combination
Time to Idle Speed 72s 425 (-305s)
Max. EGT (%) 772°C 1,023°C 1 (+251°C 1)
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Fig. 13 Comparison of RPM and EGT between baseline and
improved combination
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